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MICROSTRUCTURE ARRAYS AND METHODS 
FOR THE FABRICATION THEREOF 

FIELD OF THE INVENTION 
This invention relates to methods for fabricating one or 
more smoothly curved microstructures on a substrate, such as 
for example microlens arrays, and to selected such 
raicrostructure arrays. 

BACKGROUND OF THE INVENTION 
There are many optical and electro-optical applications 
where a microlens array or other array of one or more 
smoothly curved microstructures may be advantageously 
utilized. Microlenses for example find application in 
integrated optics applications such as for redirecting and 
focusing light waves confined along a waveguide. In 
microoptics, such lens arrays may be used for focusing, 
imaging or transmitting optical beams. Such arrays may also 
find application as phase shifting masks, laser beam 
homogenizers, or, where electrically conductive 
microstructures are employed, as the elements of flat panel 
displays . 

However, the utility of such microstructures has 
heretofore been limited by limitations in techniques 
available for the fabrication thereof. For example, while 
the base diameter of each microlens or other microstructure 
may be 100 micrometers or more, there are applications where 
lenses or other structures of submicrometer size are 
desirable. Current techniques for fabricating 
microstructures are not capable of achieving dimensions much 
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less than one micrometer. Current techniques, which 
frequently involve etching, also have trouble in avoiding 
interaction where structures are closely spaced and cannot be 
used with materials such as tin oxide or tungsten oxide which 
are difficult to etch and cannot otherwise be easily shaped. 
Tungsten oxide is a particularly desirable material in some 
applications since it is electrochromic conductive and is 
hydrochromic, changing color based on the current applied 
thereto. This is advantageous, for example, in producing 
flat screen displays. 

Another limitation on existing techniques, using for 
example lithographic techniques for generating the microlens, 
is that the lens can only be formed on a flat substrate. 
However, there are applications, such as with contact lenses, 
where it may be desirable to form the microlens or other 
microstructures on a smoothly curved surface. 

Still another limitation on microlenses formed using 
existing techniques is that it is not possible to achieve 
extremely smooth lens surfaces, resulting in microlenses of 
less than optimal quality. There are applications for 
microlenses where higher quality lens would be desirable. A 
further limitation with existing techniques is that they are 
generally limited to forming domed or hemispherical 
microstructures and are not easily adapted for forming 
structures having other shapes. Again, there are 
applications where microstructures having other shapes are 
desirable. Finally, existing techniques are relatively 
expensive and time consuming and often require skilled 
operators to achieve satisfactory results. A faster, less 
expensive technique for forming microstructures which is 
easier to practice and to automate is therefore desirable. 
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SUMMARY OF THE INVENTION 

In accordance with the above, this invention provides an 
improved method for fabricating smoothly curved 
microstructures such as microlenses, on a substrate as well 
as certain unique microstructures and microstructure arrays 
obtained through the use of such techniques . 

More specifically, these methods for fabricating at least 
one smoothly curved microstructure on a substrate involve the 
steps of (a) forming a thin film pattern on the substrate 
having material with a first surface energy in first areas, 
which areas are to underlie a microstructure, and having 
material with a second lower surface energy in remaining 
areas of the substrate; (b) depositing a liquid on the 
patterned substrate, which liquid has a surface tension which 
is lower than the first surface energy but higher than the 
second surface energy, the liquid adhering primarily to the 
first areas of the substrate to form a droplet for each 
microstructure, each droplet having a smoothly curved profile 
which corresponds to that of the corresponding 
microstructure, and each droplet containing a selected 
curable compound; and (c) curing the droplets to form the 
microstructures on the substrate. The curing step may 
include the step of permitting the droplets to harden over a 
period of time and may for example be effected or accelerated 
by heating the droplets and/or by radiating the droplets with 
a selected radiation. The depositing step may involve 
depositing a curable compound having selected optical and/or 
selected electrical properties, and in particular, depositing 
a compound having a selected electric conductivity. In order 
to achieve structures which are not dome-shaped, at least one 
of the first areas which is formed may be non-circular. 
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Where the substrate is formed of material having the 
second surface energy, the forming step includes forming a 
thin film of material having the first surface energy on the 
substrate in the first areas. Conversely, where the 
substrate is formed of the material having the first surface 
energy, the forming step includes forming a thin film of 
material having the second surface energy on the substrate in 
the second areas. More particularly, the forming step for 
the second embodiment preferably includes forming a thin film 
hydrophobic layer on the substrate, which film is patterned 
to provide non-hydrophobic material in said first areas, the 
liquid being deposited during the depositing step including 
water. Typically, when this technique is employed, the 
remaining hydrophobic layer is removed from the substrate 
after the depositing of the liquid has been completed or 
after the curing step has been completed. Alternatively, the 
forming step may include laying down a thin film of a 
photoresist ant material on the substrate, rendering the film 
hydrophobic, and removing the hydrophobic layer over the 
first areas. The removal of the hydrophobic layer over the 
first area may for example be accomplished by lithographic 
etching. For a preferred embodiment, the thin film 
hydrophobic layer is a spun-on film of synthetic resin 
polymer, preferably Teflon AF. 

For some embodiments of the invention, the substrate has 
a smooth curved surface, with this surface being the surface 
of a contact lens for certain embodiments. Where the surface 
is a surface of a contact lens, the areas of the substrate 
are patterned to correct for a selected occular defect of a 
patient . 
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For another embodiment of the invention, the depositing 
step includes providing a vapor to the patterned substrate of 
a liquid which selectively adheres to film-free areas of the 
substrate in the form of droplets, the vapor also including a 
metal halide and/or a silicon halide, the vapor reacting 
chemically to form a solid oxide in the shape of the 
droplets; and removing any remedial halide product . 
Alternatively, the depositing step may include the step of 
exposing the patterned substrate to a silicon-containing 
liquid or to a metal containing liquid. Where a silicon 
containing liquid is to be deposited, the patterned 
substrate may be exposed to a silicon containing compound in 
an organic solvent, the compound adhering to film-free areas 
of the substrate in the form of droplets. The solvent is 
then evaporated, A desired size and shape for the structures 
may be achieved by repeating the depositing and curing steps 
a selected number- of times. 

The invention also includes a microstructure array having 
a smoothly curved substrate with a plurality of smoothly 
curved microstructures formed in a predetermined pattern on 
the substrate. For some embodiments of the invention the 
structures are an array of microlenses. More particularly, 
for some such embodiments of the invention the substrate is a 
surface of a contact lens, the structures being formed on the 
lens surface in a pattern to correct a selected occular 
defect . 

The invention also involves the apparatus formed by 
performing the method described above. In particular, the 
microstructures may be formed of a compound having a selected 
electrical conductivity. For example, the compound may 
include tungsten oxide which is electrochromic and the 
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apparatus may include electrical leads to selectively apply 
electric currents to the tungsten oxide structures. The 
compounds for other structures may be selected to have 
desired optical properties. The microstructures may also be 
formed on a curved substrate and/or the microstructures may 
have a non-spherical shape. 

The foregoing other objects, features and advantages of 
the invention will be apparent from the following more 
particular description of preferred embodiments of the 
invention as illustrated in the accompanying drawings. 

IN THE DRAWINGS 

Fig. 1 is a perspective view of an illustrative 
microstructure array which may be formed in accordance with 
the teachings of this invention. 

Fig. 2 is a perspective view of a contact lens having a 
microlens array form thereon in accordance with the teachings 
of this invention. 

Fig. 3 is a perspective view of an electrically 
controlled microlens array. 

Fig. 4 is a flow diagram illustrating the method of 
forming microstructures on a substrate in accordance with the 
teachings of this invention, including a number of options in 
practicing such method. 

Fig. 5 illustrates diagrammatical ly various steps in the 
formation of a microstructure array employing a method of 
Fig. 4. 

DETAILED DESCRIPTION 
Fig. 1 shows an illustrative microstructure array 10, 
which array consists of three dome-shaped microstructures 12, 
an elliptical ly-shaped structure 14 and an elongated smoothly 
curved structure 16, the structures 12, 14 and 16 all being 
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formed on a substrate 18. Substrate 18 is preferably formed 
of an insulating material which for most optical applications 
would be transparent. Materials suitable for substrate 18 
include glass, fused silica, silicon wafers and many other 
materials. The materials for the microstructures 12, 14 and 
16 will vary with application and may for example be a 
silicon or metal oxide. More will be said on the materials 
for the structures and the reasons for selecting particular 
materials later. While five microstructures of diverse shape 
are shown for the array 10 in Fig. 1, the microlens or other 
microstructure array for most applications would consist of a 
much larger number of lenses or other structures having 
shapes appropriate for the particular application. 

Fig. 2 illustrates an alternative embodiment of the 
invention, wherein the substrate 20 for the array 10' is a 
soft contact lens having a curved surface 22 with a plurality 
of spherical or dome-shaped microstructures 12 formed 
thereon. Again, only four structures 12 are shown for 
purposes of illustration, with the exact number and location 
of the microlenses or structures 12 being determined by the 
occular defect which the lens is seeking to correct. 

Fig. 3 illustrates another embodiment of the invention 
wherein the array 10" has a plurality of domed or spherical 
structures 12 formed on substrate 18 , the compound for each 
structure 12 containing an electrically sensitive material. 
For example, the structures 12 could be formed on an 
electrochromic material such as tungsten oxide which changes 
color when a current is applied thereto. In Fig. 3, an 
electrical lead 24 is shown extending from each structure 12 
with each lead 24 terminating at a contact 26 on an edge of 
the substrate. Contacts 26 may be connected to a source of 
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electrical current by soldering, pressure contact, plug and 
socket, or other suitable means. The current source for each 
contact 26 could be selectively energizable to create a 
desired optical pattern on array 10". 

" While three illustrative arrays are shown in Figs. 1-3, 
these arrays are for purposes of illustration only and, as 
will be more apparent from the following discussion, numerous 
other microstructure arrays are possible utilizing the 
teachings of this invention. 

Fig. 4 illustrates various embodiments for the method of 
forming microstructure arrays in accordance with the 
teachings of this invention. Referring to this figure, the 
process begins by providing a substrate of the desired size 
and shape. For most applications, the substrate will be of a 
high surface energy material such as glass, fused silica, 
silicon, etc., (step 30), and for most optical applications 
the substrate material will also be transparent. However, 
there may be some applications where a low surface energy 
substrate, for example a substrate formed of or coated with 
Teflon, may be preferable (step 32). 

Where one starts with a high surface energy substrate, 
the substrate is next coated with a thin layer of a 
hydrophobic material or of some other low energy material 
(step 34). Alternatively, a layer of a photoresist or 
similar material may be applied to the substrate or some 
other organic polymer may be applied to the substrate (step 
36) and the substrate may then be put in a plasma containing 
fluorine atoms or otherwise treated so as to render at least 
a top surface of the layer hydrophobic (step 38). The layer 
applied during step 36 may be otherwise treated to form a 
layer of a low surface energy material during step 38 where a 
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liquid other than water is used in a later step for forming 
the droplets. During step 40 the hydrophobic layer (or other 
low surface energy layer) is removed in areas where 
structures are to be formed. This removal may be 
accomplished using standard lithographic or other printed 
circuit techniques. Steps 34 and 40 are illustrated on lines 
(a) and (b) of Fig. 5, respectively, where a high surface 
energy substrate 18 is initially shown coated with a low 
surface energy layer 42. The layer on the substrate is then 
patterned during step 40 to expose areas of the high surface 
energy substrate, the resulting patterned substrate being 
shown on line (b) of Fig. 5. 

Where a low surface energy substrate is initially 
provided, a layer of high surface energy material, for 
example a layer of a silicon compound, is laid down during 
step 44 and this layer is then patterned during step 46 by 
removing the layer in areas where structures are not to be 
formed. Thus, the low surface energy substrate is exposed in 
the areas of the substrate where structures are not to be 
formed and the high surface energy layer remains in areas 
where structures are to be formed. 

Thus, after step 40 or step 46 there exists a patterned 
substrate having hydrophobic or other low surface energy 
material in areas where microstructures are not to be formed 
and having high surface energy material in areas where 
microstructures are to be formed. The difference in surface 
energy between these areas should preferably be maintained as 
high as possible. 

From step 40 or step 46, the operation precedes to either 
step 48, step 50 or step 54 to form smoothly curved droplets 
of a suitable compounds over the high surface energy areas of 
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the substrate. This objective is accomplished during step 48 
by exposing the patterned substrate to a liquid containing 
desired compounds. Where the low surface energy surface is 
hydrophobic, the liquid could be water containing desired 
compounds such as siloxane or some other similar compound 
containing tin or tungsten instead of silicon. The compound 
used may be electrically conductive, semiconductive or 
insulating depending on application and may also have various 
optical properties. The liquid forms droplets in the areas 
of the patterned substrate having high surface energy. For 
example, referring to line (c) of Fig. 5, with a substrate 18 
having high surface energy, the droplets 52 are formed on the 
substrate over the areas where the hydrophobic or other low 
surface energy material has been removed. 

Step 50 is substantially the same as step 48 except that, 
rather than the liquid being sprayed or misted onto the 
substrate, a vapor containing the liquid with the desired 
compound(s) is either created over the substrate or the 
substrate is inserted into such a vapor to permit the 
droplets to be formed. 

Steps 54 and 56 are similar to step 48 except that the 
operation is performed in two steps rather than a single 
step. Thus, during step 54, the patterned substrate is 
exposed to a liquid to form the droplets 52, the liquid (such 
as water) being applied in a mist, spray or the like; and 
during step 56 the droplets on the substrate are exposed to a 
vapor of a desired compound, for example a metal halide or a 
silicon halide. The vapor reacts chemically with the liquid 
to form, for example, a solid oxide in the shape of the 
liquid, and any residual products of the reaction, for 
example hydrogen halide, may be pumped away during step 58. 
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The lead line to step 58 is shown dotted since this step will 
be required in some instances and not in others. Another 
situation where step 58 may be required is where, during for 
example step 50 , the compound-containing vapor to which the 
patterned substrate is exposed is a spun-on-glass , which is a 
silicon-containing compound in an organic solvent. Glycerol 
may be added to the spun-on-glass to enhance the surface 
tension of the liquid. In this situation, the solvent 
evaporates and is removed during step 58. 

For each of steps 48, 50 and 54, it is important that the 
surface energies between different areas on the patterned 
substrate be relatively large and that the surface tension 
for the liquid, which is measured in the same units as 
surface energy, be between the surface energies for the two 
substrate areas and be such that the liquid substantially 
adheres only to the high surface energy areas and not to the 
low surface energy areas. The surface tension of the liquid 
should also be such as to form smoothly curving droplets over 
the high surface energy areas. These droplets will have a 
spherical shape such as that for the structures 12 for 
circular high surface energy areas in the pattern and will 
have other shapes such as those of the structures 14 and 16 
where the high surface energy area has an oval, elliptical or 
some other selected shape. 

Once the forming of the droplets has been completed, 
either as a result of step 48, step 50 or step 56, and step 
58 being performed to the extent required, the operation 
proceeds to step 60 to cure or solidify the droplets to 
obtain the desired microstructures . With a suitable curing 
agent as part of the compound to which the patterned 
substrate is exposed, the curing may be accomplished by 
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merely letting the structures harden with time. 
Alternatively, curing may either be effected or accelerated 
by use of known curing techniques including baking in an oven 
or otherwise heating the droplets, suitably irradiating the 
droplets or by other suitable means. 

Once curing step 60 has been completed, there are a 
number of options for furthering the process. For example, 
if it is desired to increase the size, and in particular the 
height, of the structures, for example to increase the aspect 
ratio thereof, the forming of droplets step (step 48, 50 or 
54-56) and curing step 60 may be repeated as illustrated by 
dotted line 62. These operations may be repeated one or more 
additional times until microstructures of a desired size and 
shape are achieved. 

Second, if a hydrophobic or other low surface energy 
layer was utilized so that portions of such layer are still 
on substrate 18 in areas thereof where there are no 
structures, the operation may proceed to step 58 to remove 
this masking material. This may, for example, be 
accomplished by use of an organic solvent where the domes or 
other microstructures formed on the substrate are of an 
inorganic compound. Other techniques known in the art of, 
for example, printed circuits, may also be utilized for 
removing this masking material. The array after removal of 
such masking material is shown on line (d) of Fig. 5. 

Finally, if an array such as the array of 10" shown in 
Fig. 3 is being fabricated, where there is a need to apply 
electric current or other electric signals to all or selected 
ones of the microstructures 12, the operation may proceed to 
ste p 64 to form leads 24 and contacts 26 on substrate 18. 
These leads and contacts may be formed using 
photolithographic or other printed circuit techniques known 
in the art. 
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A relatively simple, relatively inexpensive, very 
flexible process for forming microlens arrays or other 
microstructure arrays is thus provided, which technique 
permits the microstructures to be formed on contact lens or 
other curved surfaces, which permits the structures to assume 
a variety of smoothly curved shapes and which permits 
structures of selected size to be formed, including 
structures having relatively high aspect ratios. Since 
relying on surface tension of a liquid rather than on some 
fabrication technique permits very smooth surfaces to be 
formed, high quality microstructures can be provided, and 
since the printed circuit techniques utilized to form the 
areas on the substrate where the structures are to be formed 
can be performed to subraicron size, the technique permits 
arrays of submicron structures to be fabricated. The 
technique also permits substantial flexibility in the 
compounds from which the structures are formed so that such 
structures may have a variety of desired electrical, optical, 
or other properties. 

While the method shown in FIG. 4 and described in 
conjunction therewith may be controlled manually, a substrate 
being manually stepped or transferred through the process, 
the process is preferably performed automatically with 
suitable substrate handling equipment under control of a 
programmed computer, hard wiring or a combination thereof. 
Further, while in the discussion above, various alternatives 
for the fabrication techniques of this invention have been 
described and various alternatives for the resulting 
microstructures have also been described, it is apparent that 
these techniques and alternative structures and arrays are by 
way of illustration only and that these and other changes of 
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form and detail may be made in the invention by those skilled 
in the art without departing from the spirit and the scope of 
the invention. 

What is claimed is: 
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CLAIMS 

1. A method for fabricating at least one smoothly 
curved structure on a substrate comprising the steps of: 

forming a thin film pattern on said substrate having 
material with a first surface energy in first areas , which 
areas are to tinder lie a structure and having material with a 
second lower surface energy in remaining second areas of said 
substrate; 

depositing a liquid on the patterned substrate, which 
liquid has a surface tension which is lower than said first 
surface energy, but higher than said second surface energy , 
said liquid adhering primarily to said first areas of the 
substrate to form a droplet for each of said structures, each 
droplet having a smoothly curved profile which corresponds to 
that of a structure, and each droplet containing a selected 
compound; and 

curing said one or more droplets to form said at least 
one structure. 

2. A method as claimed in claim 1 wherein said curing 
step includes the step of permitting said droplets to harden 
over a period of time. 

3. A method as claimed in claim 1 wherein said curing 
step includes the step of heating said droplets. 

4. A method as claimed in claim 1 wherein said curing 
step includes the step of irradiating said droplets with a 
selected radiation to cure the droplets. 
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5. A method as claimed in claim 1 wherein said 
depositing step includes the step of depositing a compound 
having at least one of selected optical and selected 
electrical properties. 

6. A method as claimed in claim 5 wherein said 
depositing step includes the step of depositing an 
electrically conductive compound. 

7. A method as claimed in claim 6 including the step of 
forming a pattern of electrically conducting leads on said 
substrate to apply current to selected ones of said 
structures. 

8. A method as claimed in claim 1 wherein said forming 
step includes the step of forming a plurality of said first 
areas, at least one of which first areas is non-circular. 

9. A method as claimed in claim 1 wherein the substrate 
is formed of the material having the second surface energy, 
and wherein the forming step includes the step of forming a 
thin film of material having said first surface energy on 
said substrate in said first areas. 

10. A method as claimed in claim 1 wherein the substrate 
is formed of the material having the first surface energy, 
and wherein the forming step includes the step of forming a 
thin film of material having said second surface energy on 
said substrate in said second areas. 
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11. A method as claimed in claim 10 wherein said forming 
step includes the step of forming a thin film hydrophobic 
layer on the substrate, which film is patterned to provide 
non-hydrophobic material in said first areas, and wherein 
said liquid includes water. 

12. A method as claimed in claim 11 including the step, 
performed after the depositing step, of removing the 
remaining hydrophobic layer from the substrate. 

13. A method as claimed in claim 11 wherein said forming 
step includes the steps of laying down a thin film of 
photoresist material on the substrate, rendering the film 
hydrophobic, and removing the hydrophobic layer over said 
first area. 

14. A method as claimed in claim 11 wherein said forming 
step includes the step of patterning the thin film by 
lithography to remove the hydrophobic layer over said first 
area. 

15. A method as claimed in claim 11 wherein the thin 
film hydrophobic layer is a spun on film of synthetic resin 
polymer . 

16. A method as claimed in claim 11 wherein said 
depositing step includes the step of providing a vapor to the 
patterned substrate of a liquid which selectively adheres to 
film-free areas of the substrate in the form of droplets, and 
of at least one of a metal halide and a silicon halide, the 
vapor reacting chemically to form a solid oxide in the shape 
of said droplets, and removing any remedial halide product. 
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17. A method as claimed in claim 10 wherein said 
substrate has a smooth curved surface, and wherein during 
said forming step, said hydrophobic layer is removed over a 
plurality of substrate areas. 

18. A method as claimed in claim 17 wherein said 
substrate is a surface of a contact lens, said areas of the 
substrate being patterned to correct an occular defect. 

19. A method as claimed in claim 1 wherein said 
depositing. step includes the steps of exposing the patterned 
substrate to a silicon containing liquid. 

20. A method as claimed in claim 19 wherein said 
depositing step includes the steps of exposing the patterned 
substrate to a silicon containing compound in an organic 
solvent, the compound adhering to film-free areas of the 
substrate in the form of droplets, and evaporating the 
solvent. 

21. A method as claimed in claim 1 wherein said 
depositing step includes the step of exposing the patterned 
substrate to a metal containing liquid. 

22. A method as claimed in claim 1 including the step of 
repeating said depositing and curing steps until said at 
least one structure is of a desired size and shape. 



PCT/US94/12571 




SUBSTITUTE SHEET (RULE 26) 



PCIYUS94/12571 



2/3 




REA I 


NOTl 




< 


CO 
UJ 






£T 


Q 






UJ 


or 






UJ 


O 


or 


> 


Z> 




< 


cr 


£ 




i- 




> 


(/) 

UJ 


BE 


O 


GC 


o 




UJ 




UJ 


X 






5 





7 



to 



GO 




< 



or 




UJ 




> 




< 






CD 


UJ 


O 


X 


X 




CL 


o: 


o 


UJ 


cr 


o 


Q 


z 


> 


UJ 


X 


or 







SUBSTITUTE SHEET (RULE 26) 



WO 95/12480 



PCT/US94/12571 



3/3 




CM 
<0 



1 



o 

CD 



o 


co 


H 


CO 


UJ 

01 


1- 

UJ 




-J 


O 


Q- 


3 


O 


<r 


QC 




O 




1 CURE 


z 




CD 
Li_ 



CO 




CO 


UJ 


UJ CO 




o < 


Si 




PRI 


UJ ^ 


o 


> <r 


<r 


o 


Q_ 




Q_ 


sg 


< 


DC 2 





SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US94/12571 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :B29C 37/00; B44C 1/22; B05D 5/00; H01L 21/306 

US CL : 156/043, o3>i 03/ t **^//-ioi» <froo , f __ 
According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED m _ . 


»*• • j«...-,.«i.it:An e^nrr'hrri fVU«ificfltion svstem followed by classification symbols) 
Minimum documentation scarcnea tciassmcauun syaic-m iuuunw w.*.^... ^ 

U.S. : 156/643. 655, 657, 662. 663, 668. 901 , 902, 904; 427/256, 282. 287, 466. 468 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where pract.cable. search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US, A 5,198,073 (Ishibashi) 30 MARCH 1993, See entire 
document. 


1-22 


n Fu,t 


her documents are listed in the continuation of Box C. j_J Sec patent family annex. 


Special categoric, of cited document.: 1 J^^^cn^^ 
•A" documentdefinini ti* generol stale of ihc art which i» not considered principle or theory underlying the invention 

tobeofpeitk^relevmoee ^ document of particular relevance-, the claimed invention cannot be 
•£« earlier document published on or after the mternatkmol riling dote cooiidered novel or cannot be considered to involve an inventive step 

^ ,u:~r.\ «*«4. u when the document « token alone 
•L" document which may throw doubts on priority cbum(t) or which u 

cited to establish the publication date of another citation or other . y . document of particular rdevance: the claimed invention cannoi be 

special reason (as specified) considered to involve an inventive step when the document is 

■o- ****** «. » .n- - « *~ ^r^^trrt d ~- ° omb *" uon 

■r document published prior to the alternation*! filing dole but tier than document member of the same potent family 


Date of the actual completion of the international search 
09 FEBRUARY 1995 


Date of mailing of the international search report 

27 FEB 1995 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile N«- H03> 305-3230 


Authorized officer Ij^jjj H&jf\ 

WILLIAM A. POWELL 
Telephone No. f703) 305-1975 



Form PCT71SA/210 (second sheet)(July 1992)* 



